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ABSTRACT 

The EGAT Mae Moh Mine is the largest open pit lignite mine in Thailand and it produces lignite about 16 million tons 
annually. In the near future, the pit limit of the mine will be reached and underground mine will then be developed 
through the open pit in the depth of 400 - 600 m from the surface. However, due to the challenges for underground 
mining such as poor geological conditions, extra thickness (20 - 30 m) of coal seams, and weak mechanical properties 
of coal seams and the surrounding rock, the success possibility of underground mining and an applicable underground 
mining method is being investigated at the present. The paper discusses the applicability of multi-slice bord-and-pillar 
method for the soft extra thick coal seams in the Mae Moh mine by means of numerical analyses using the 3D finite 
difference code “FLAC3D”. 
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1. Introduction 

Thick coal seams have been mined by various methods, 
such as extended height single pass longwall method, 
longwall top coal caving method, slicing method, blast-
ing gallery method, and hydraulic mining method etc., 
depending on local geological and geotechnical condi-
tions and thickness, depth and characteristics of seams. 
Thick seam mining is very different from conventional 
coal mining in many aspects. It is rather complicated to 
predict the characteristics of strata response to mining 
operation and the mining of such seams is beset with 
numerous problems [1-3]. Although there have been 
many research works that focused on the thick seams in 
medium to strong geotechnical conditions, very few re-
searches and publications are found for the extra-thick 
seams that are over 10 m in thickness in weak conditions. 
In this study, it investigated the ground response to min-
ing and failure mechanism in soft extra-thick seams by 
means of numerical analyses and discussed an applicable 
underground method for mining the soft extra-thick coal 
seams in Mae Moh mine in Thailand. 

2. Brief Information of Mae Moh Mine 

2.1. General 

Mae Moh mine is located in Mae Moh district, Lampang 
province, about 630 kilometers north of Bangkok, in 
Thailand. The location map of Mae Moh mine is shown 
in Figure 1. This mine is operated by EGAT (Electricity 

Generating Authority of Thailand), and it is the largest 
open-pit lignite mine in Thailand. The total geological 
and economical lignite reserves are approximately 1140 
million tons and 825 million tons, respectively. The an-
nual production is about 16 million tons, which repre-
sents 70% of the total coal production of Thailand. All of 
the lignite produced from the mine is supplied to the 
2400 MW Mae Moh power plant that is providing 15% 
of the total electricity demand of Thailand. About 347 
MT of lignite has been produced, and the remaining fu-
ture reserve is approximately 478 MT as of 2011. 

The current Mae Moh pit covers an area of 4 km by 
7.5 km at various depths up to 290 m as of 2011. Ac-
cording to the mining plan reported by the EGAT, the 
final pit limit will be reached and the open pit operation 
will be finished in the near future. After that, under-
ground mining will be commenced through the final pit 
high wall from the depth of about 400 m. The total lig-
nite reserves in the underground mine area are approxi-
mated about 150 million tons (see Figure 2). However, 
due to the adverse geological and geotechnical conditions 
such as extra thickness of coal seams, and weak me-
chanical properties of coal seams and the surrounding 
rock, success possibility of underground mining and an 
applicable underground mining method for Mae Moh 
mine is being investigated at the present [4,5]. 

2.2. Geologic Settings of Mae Moh Mine 

Mae Moh mine is situated in Mae Moh tertiary basin  
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Figure 1. Location of Mae Moh mine. 
 

 

 

Figure 2. Final pit of Mae Moh mine (plan). 
 

which is more than 1000 m of maximum thickness. 
Three main geological formations, namely Huai Luang 
(HL), Na Khaem (NK) and Huai King (HK), are found in 
the Mae Moh basin (see Figure 3). HL formation mainly 
consists of red to brownish-red semi-consolidated and 
unconsolidated clay, silt and sandstone. NK formation 
composes lignite seams and gray to greenish-gray clay- 
stone and mudstone, whereas HK formation consists of 
semi-consolidated fine to coarse sand-stone, claystone, 
mudstone and conglomerate with green, yellow, blue and 
purple in color. Five lignite seams, marked as J, K, Q, R 
and S seam, are found in the NK formation. However, 
the J, R and S seams are considered uneconomical due to 
the poor quality/thickness and depth of seam, and thus  

 

Figure 3. Generalized stratigraphic column. 
 

major economical mineable seams are only K and Q 
seams. The thickness of K and Q seams ranges from 20 
to 30 m with the interburden of 20 to 25 m mudstone, up 
to 600 m depth from the surface [4,5]. 

3. Numerical Modeling 

In underground mining of a coal seam that exceeds 10 m 
in thickness, extraction is mostly considered as dividing 
the seam into a number of slices/lifts and extracting each 
slice/lift with a longwall or bord-and-pillar using con-
tinuous or conventional mining methods. In a multi-slice 
mining, the longwall caving system is the preferred prac-
tice; but, the material produced requires a large expense  
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to compensate for surface/subsurface damage. Further-
more, it is possible for nearby seas, lakes, rivers, creeks, 
canals, and other surface features to be disturbed if seri-
ous damage occurs [6,7]. For the Mae Moh mine, how-
ever, the application of longwall method in underground 
mining is considered limited potential since the proper-
ties of rocks are very weak and the coal seams are ex-
tra-thick, that might occur large ground disturbance/sub- 
sidence and thus it is possible to occur the pit instability 
and many problems. Therefore, the multi-slice bord-and- 
pillar mining was firstly considered in this study and its 
applicability in soft extra-thick seams was investigated 
by means of numerical analyses using three dimensional 
finite difference program Flac3D. 

3.1. Description of the Numerical Model 

The Flac3D numerical model was composed of 20 m and 
25 m thick double coal seams, named as k_seam and 
q_seam, with the interburden of 25 m and overburden of 
400 m in thickness. For simplicity, multi thin layers were 
not considered and the overburden and interburden were 
modeled as homogeneous mudstone layers. Due to the 
limitations of computer running time and capacity re-
striction, only the upper coal seam, k_seam, was mod-
elled for extraction and set up with a smaller mesh size in 
order to obtain more precise stress, distribution ground 
displacement, and failure distribution around the extrac-
tion area. The total dimension of the model is 220 m 
wide, 220 m long and 470 m high, respectively. The nu-
merical model consists of 448,000 elements and 468,671 
grid points. The geometry, density of grids and group of 
materials of the model are presented in Figure 4. The 
bottom of the model was restricted in the vertical direc-
tion, whereas the sides of the model were restrained per-
pendicular to each side. Mohr Coulomb elasto-plastic 
constitutive relation was employed in the analyses. The 
mechanical properties of the materials used in the nu-
merical analyses are presented in Table 1. After defining 
the constitutive relation and material properties, and as-
signing boundary conditions and initial state, the model 
was run until the equilibrium stage had been reached. 
After the response of the model was satisfactory, formu-
lation of bord-and-pillar mine was conducted by excava-
tion of galleries and formation of pillars sequentially. 

3.2. Results and Discussion 

At first, the ground response and pillar conditions in dif-
ferent pillar sizes were investigated in order to determine 
an appropriate pillar size. The width and length of the 
panel was taken as 100 m in the X direction and 150 m in 
Y direction. The dimension of each gallery was taken as 
6 m in width and 3 m in height, respectively. In the case 
of Mae Moh coal field where coal seams are soft and  

 

 

Figure 4. Flac3D numerical model. 
 

Table 1. Mechanical properties of the materials used in the 
analyses. 

Parameters Coal Mudstone 

Density (kg/m3) 1430 1950 

Bulk modulus (MPa) 1250 1400 

Shear modulus (MPa) 576.92 840 

Friction angle (˚) 22.3 33.5 

Cohesion (MPa) 0.8 1.2 

Tensile strength (MPa) 0.3 1 

 
extra-thick, multi slicing with ascending order of extrac-
tion is considered limited potential as ascending order 
does not allow caving into the galleries [7]. Therefore, 
the first slice was modeled along the roof and the next 
slices were then modeled sequentially in descending or-
der. Figures 5 and 6 show the failure states at different 
size of pillars after the first slice was developed along the 
mine roof. The pillar width to height ratio (w/h) is 4 in 
the Figures 5 and 6 in the Figure 6, respectively. In 
Flac3D, the terms in legend of figures showing block 
state “none” indicate no-failure zone, “shear-n” and “ten-
sion-n” indicate yield in shear and tension now, “shear-p” 
and “tension-p” indicate elastic state now, but yield in 
shear and tension past, respectively [8]. 

According to the results, it could be seen that all the 
pillars in the Figure 5 failed (shear-n, tension-n) whereas 
pillars seemed to be in stable in Figure 6 although partial 
failures occurred. Therefore, the pillars size was consid-
ered starting from the w/h of 6 in the analyses. Figures 7 
and 8 show the conditions of pillars, with the w/h of 6, 
after the second slice was developed in superimposed 
and non-superimposed pattern, where the coal parting 3 
m was left between the slices. According to these results, 
it was expected pillar instability and roof control prob-
lems in both patterns of developments; all pillars and  
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Figure 5. Failure state at pillars after developing first slice 
along the roof (pillar width of 12 m (w/h = 4)). 

 

 

 

Figure 6. Failure state at pillars after developing first slice 
along the roof (pillar width of 18 m (w/h = 6)). 

 
parting failed in superimposed pattern development 
whereas pillars at the first slice and parting failed in non- 
superimposed pattern development. Subsequently, the 
pillars size and parting thickness were increased and the 
response was investigated. However, it was found that 
the conventional multi-slice bord-and-pillar could not be 
successful in the soft extra-thick seams due to the prob-
lems in roof control and failures of partings and openings 
when the lower slices were extracted. 

Due to the situation discussed above, it was investi-
gated the performance of an alternative method in which 
stowing and different cutting method were employed. 
The purpose of stowing is not to transmit the rock stresses, 
but to reduce the relaxation of the rock mass so the rock 
itself will retain a load carrying capacity and will im-
prove load shedding to crown pillars and abutments. This 
leads to less deterioration in ground conditions in the 
mine, improving operations and safety [9]. The required 
strength of the stowing materials depends on the strata 
and mining conditions: such as cover depth, rock type 
and properties, mining method, etc. In a shallow mine, 
the required strength is not as critical when compared to 
that for a deep mine. Considering the rock properties at  

 

 

Figure 7. Failure state after developing the second slice in 
superimpose  d pattern (a) cutting view along the central 
part of the panel and (b) pillars in the second slice. 

 

 

 

Figure 8. Failure state after developing the second slice in 
non-superimposed pattern (a) cutting view along the central 
part of the panel and (b) pillars in the second slice. 
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the vicinity of the production area and the depth of the 
seams at the mine, the strength of stowing material was 
initially taken as one half of the coal strength in the study 
[10-12]. The alternative coal cutting method and stowing 
were carried out as shown in Figure 9. 

First, pairs of entries were cut across the mine roof by 
leaving 18 m wide pillars between them (see Figure 
9(a)). The width of each entry was also taken as 6 m and 
mining height was 3 m. After that the cut entries were 
stowed (see Figure 9(b)) and a pairs of entries were then 
cut next to the stowed entries (see Figure 9(c)). The 
mining and stowing were repeated in the same manner 
until the whole panel was extracted (see Figure 9(d)). 
According to the results of failure state shown in Figures 
9(a)-(d), it was found that the pillars maintained their 
stability until the whole panel was extracted. The con-
finement produced by stowing improved the pillars’ sta-
bility throughout the panel extraction. Figures 10(a) and 
(b) show contours of vertical displacement and failure 

state after cutting pairs of entries at the second slice. Ac-
cording to the results, it was found a very few failures 
zones (shear-n, tension-n) at the roof and small dis-
placement about 2 - 4 cm in maximum around the open-
ings and therefore, the problems in roof control and pil-
lars failure cannot be expected. Mining and stowing were 
repeated in the same manner as the first slice. The next 
slices extractions were also done slice by slice sequen-
tially in descending order and no large roof control and 
pillars instability problems were expected during the ex-
tractions. Figures 11(a) and (b) show contours of verti-
cal displacement and failure state after extracting the 
whole k_seam. It could be seen that the ground dis-
placement and failures around the extracted seam are 
very small even after the whole seam was extracted. 
Therefore, it could be supposed that this is an applicable 
and effective method for mining soft extra-thick seams in 
terms of diminishing ground disturbance, mine safety 
and maximizing coal recovery. 

 

  
(a)                                                             (b) 

  
(c)                                                             (d) 

Figure 9. Failure states along with the sequences of mining and stowing at the first slice (a) after 1st cut; (b) after stowing the 
1st cut; (c) after 2nd cut and (d) after extracting and stowing the whole panel. 
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Figure 10. (a) Vertical displacement contours and (b) failure state after 1st cut at the second slice. 
 

 

  

 

 

Figure 11. (a) Vertical displacement contours and (b) failure state after extracting the k_seam and stowing in the mine-out 
voids. 

 
4. Conclusion 

According to the results of a series of numerical analysis, 
it was found that multi-slice bord-and-pillar mining with 
the alternative method of cutting and stowing discussed 
in this paper can be employed for the soft extra-thick 
coal seams and this is an effective method to diminish 
ground disturbance/environmental impacts, to improve 
mine safety and to obtain maximum coal recovery. How-
ever, it must be evaluated more details for stowing, such 
as the required strength of stowing material, the method 
of stowing to be employed as well as the cost and econ-
omy of mine, before employing this system. 
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